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MULTI-MATERIAL TOOLPATH GENERATION 
FOR DIRECT METAL DEPOSITION 

Refereace to Related Application 
This application claims priority from U.S. Provisional Patent Application 
Serial Nos. 60/156,249 and 60/156,204, both filed September 27, 1999 and the entire 
contents of both applications being incorporated herein by reference. 

5 Field of the Invention 

This invention relates generally to the layered fabrication of three-dimensional 
components and, in particular, to a closed-loop system and method wherein tool paths are 
generated for multiple materials using a direct metal deposition process. 

Background of the Invention 

10 Fabrication of three-dimensional metallic components via layer-by -layer laser 

cladding was first reported in 1978 by Breinan and Kear. In 1982, U.S. Patent No. 
4,323,756 issued to Brown et al., describes a method for the production of bulk rapidly 
solidified metallic articles of near-net shape, finding particular utility in the fabrication of 
certain gas turbine engine components including discs and knife-edge air seals. 

15 According to the disclosure, multiple thin layers of feedstock are deposited using an 
energy beam to fuse each layer onto a substrate. The energy source employed may be a 
laser or an electron beam. The feedstock employed in the practice of the invention may 
be either a wire or powder material, and this feedstock is applied to the substrate in such a 
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fashion that it passes through the laser beam and fiises to the mehed portion of the 
substrate. 

Different technologies have since evolved to improve such processes. U.S. Patent 
No. 4,724,299 is directed to a laser spray nozzle assembly including a nozzle body with a 
5 housing that forms an annular passage. The housing has an opening coaxial with a 
passageway, permitting a laser beam to pass therethrough. A cladding powder supply 
system is operably associated with the passage for supplying cladding powder thereto so 
that the powder exits the opening coaxial with the beam. 

Various groups are now working world-wide on different types of layered 

10 manufacturing techniques for fabrication of near-net-shape metallic components. In 
particular, nozzles of the type described above have been integrated with multi-axis, 
commercially available CNC machines for the fabrication of 3 -dimensional components. 
U.S. Patent No. 5,837,960 resides in a method and apparatus for forming articles from 
materials in particulate form. The materials are melted by a laser beam and deposited at 

15 points along a tool path to form an article of the desired shape and dimensions. Preferably 
the tool path and other parameters of the deposition process are established using 
computer-aided design and manufacturing techniques. A controller comprised of a digital 
computer directs movement of a deposition zone along the tool path and provides control 
signals to adjust apparatus functions, such as the speed at which a deposition head which 

20 delivers the laser beam and powder to the deposition zone moves along the tool path. 

Most existing techniques, however, are based on open-loop processes requiring 
either considerable amount of periodic machining or final machining for close 
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dimensional tolerances. Continuous corrective measures during the manufacturing 
process are necessary to fabricate net shape functional parts with close tolerances and 
acceptable residual stress. One exception is the system described in U.S. Patent No. 
5,122,564, filed April 10, 1997. This application, the contents of which are incorporated 
5 herein by reference, describes a laser-aided, computer-controlled direct-metal deposition, 
or DMD, system wherein layers of material are applied to a substrate so as to fabricate an 
object or to provide a cladding layer. 

In contrast to previous methodologies, the DMD system is equipped with 
feedback monitoring to control the dimensions and overall geometry of the fabricated 

10 article in accordance with a computer-aided design (CAD) description. The deposition 
tool path is generated by a computer-aided manufacturing (CAM) system for CNC 
machining, with post-processing software for deposition, instead of software for removal 
as in conventional CNC machining. Existing CAD systems, however, generally only 
have the ability to accommodate single-material parts. The need remains, therefore, for 

15 improved methods to assist in the modeling in CAD and generation of toolpaths for 
multiple material parts using existing CAD/CAM software. 

Summary of the Invention 
In broad and general terms, this invention resides in a method of modeling 
multiple material parts for additive manufacturing processes, including direct metal 
20 deposition, within the constraints of a single material CAD system. According to a 
preferred embodiment, each material is modeled separately as a single or multiple solid 
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part, under the assumption that there are no internal multiple materials; that is, no voids 
for other material parts. The parts are ordered from the outer most geometry to the 
innermost geometry and Boolean operations are performed to calculate the final volume 
for each part. If any design changes occur, only the parts as originally defined need to be 
5 modified, and the method is reapplied. 

The method is applicable to the generation of CAM cutting paths for 2V2-D and 3- 
D geometries by pocket machining with spiral-in, spiral-out, and arbitrary direction raster 
tool paths using stock material with and without reflection, depending upon the geometry. 
In each case, single- and multi-material files may be merged one toolpath file, and 

10 commands may be embedded for closed- or open-loop control of the fabrication process. 

According to a different aspect of the invention, a single parameter value is used 
to encapsulate a set of process parameter values required to build a particular part. The 
group of parameters is called a recipe, and the value representing the recipe is called the 
recipe id. Each recipe id maps to a unique set of CAM parameters. An example recipe 

15 would include, but is not limited to, material, CNC velocity, laiser power, and powder 
feed rate. The recipe may be determined by interpreting the part program and 
determining which CAM parameters were used to generate the part program. 
Alternatively, the CAM operator may embed the recipe id into the part program, since the 
CAM parameters were determined from a recipe id. To change the process parameters, a 

20 single memory location is chosen to store the recipe id, the software updates the process 
parameters with values in its database referring to that recipe id. 
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Brief Description of the Drawings 
FIGURE 1 A is drawing which shows two parts, A and B, which match precisely; 
FIGURE IB is a drawing which illustrates a situation wherein Part B has 
changed, but Part A has not been modified to reflect the change, resulting in an 
5 interference between the two parts; 

FIGURE 2 shows the calculation of a multi-material geometry according to a 
preferred embodiment of the invention; 

FIGURE 3A is a screen display of a 2 1/2D part to be manufactured; 
FIGURE 3B is a screen display of a 2 1/2D part inverted and subtracted from a 
10 block toolpaths are then generated; 

FIGURE 3C is a screen display of a top view of one layer; 
FIGURE 4A is a screen display of a 3d part with overhanging features; 
FIGURE 4B is a screen display of a part cut out of block showing resultant 
overhang; 

1 5 FIGURE 4C is a screen display of a part spUt into two subparts such that each has 

no overhang; 

FIGURE 4D is a screen display of toolpaths generated for each subpart; 

FIGURE 5A is a screen display of a part to generate toolpaths defined as stock 

material and block defined as finished surface; 

20 FIGURE 5B is a screen display of resultant toolpaths; 

FIGURE 6A is a screen display of a part to generate toolpaths defined as stock 

material and block defined as finished surface without reflection; 
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FIGURE 6B is a screen display of resultant toolpaths without reflection; and 
FIGURE 7 is a screen display of a sample layer at height 26mm showing 
combination of toolpaths for 3 materials. 



Detailed Description of Invention 
5 In direct metal deposition, or DMD^"", the dimensions and overall geometry of a 

fabricated article are rendered in accordance with a computer-aided design (CAD) 
description. For all but the simplest of parts, the geometry must be described 
mathematically. Modeling of the shapes involved is achieved through the use of CAD 
systems, and from these representations, tool paths are generated to drive a numerically 

1 0 controlled additive process to manufacture the part. 

In order to drive the DMD's CNC system, a text file called the part program (or 
toolpath file) is generated from commercial CAM software containing commands that are 
understandable to the CNC. The commands are loaded into the memory and executed. 
Typical commands are move commands, which tell the CNC to move to a new point at a 

15 given speed, turn on/off the laser and powder flow. These commands are all embedded 
directly within the part program when it is created, and are triggered at specific points in 
the program. Some parameters which control the process must be changed dynamically 
during the processing of a part program, or are unknovm at the time of part program 
generation, examples include powder flow rate, laser power, CNC velocity, gas flow 

20 rates. 
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Another factor which affects the values of these variable process parameters is 
how the part programs are generated. The pattern used to build the part (which can be 
spirals or rasters), the distance between centers of parallel paths, and the required layer 
thickness also affect the variable process parameters. These factors are also 
interdependent, such that changing one parameter affects the values of the others. 

Since changes in the powder-feed system or processing conditions may change in 
accordance with experimentation, hard coding these factors into the part program might 
resuh m the parameters being sub-optimal at the time of manufacture under some 
operating conditions. Also, it would require the CAM operator who generates these part 
programs to have a detailed knowledge of the process, the processing parameters and 
how they affect the process. The more detail the CAM operator needs to know prior to 
generation of the part program, the more necessary that person is to the process. 

To reduce the coupling between the CAM operator and process, the operator 
should only need to supply the minimum amount of information about the process from 
which the other parameter values are derived. The CAM operator is required to know the 
following CAM parameters when generating part programs: 

1) layer thickness; 

2) distance between adjacent roads; and 

3) part material. 

While many combinations of these values can be generated using CAM software, 
in practice the DMD process will only use a limited set of valid combinations. The CAM 
operator is, nevertheless, required to know which of these combinations are valid. The 
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other process values are controlled by PC process control system based on the above 
three parameters. According to a different aspect of this invention, a single parameter 
value is used to encapsulate a set of process parameter values required to build the part. 
This parameter group is termed a "recipe," and the value representing the recipe, will be 
5 referred to as the "recipe id," 

Each recipe id maps to a unique set of CAM parameters. An example recipe would 
include, but is not limited to, the following parameters: 

• Material 

• CNC velocity 
10 • Laser power 

• Powder feed rate 

The recipe is preferably determined by interpreting the part program and 
determining which CAM parameters were used to generate the part program. 
15 Alternatively, the CAM operator may embed the recipe id into the part program, since the 
CAM parameters were determined from a recipe id. Both methods are valid but the latter 
is simpler to maintain. 

In a specific equipment configuration, a GE Fanuc PMC coupled to the DMD 
machine includes memory locations which directly control the process. Setting these 
20 values directly changes the process parameters; that is, setting the memory address of the 
laser power to a higher value will increase the laser power, setting a value for the material 
to a different value will change the material, and setting the value of the CNC velocity 
will change the CNC velocity, and so on. 
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These memory locations are chosen so that they are directly accessible to part 
program running in the PMC memory and the PC based monitoring software. The 
monitoring application used to implement this is GE Fanuc's Cimplicity software. The 
recipe is stored in a database maintained by Cimplicity, and the fields in each record 
5 mapped to the appropriate memory location on the PMC. The PC is connected to the 
PMC via a high-speed serial bus, and the CimpHcity software is configured to have direct 
read/write access to the memory locations that control the parameters described in the 
recipe. 



10 to the invention to store the recipe id. The part program is configured so that when 
process parameters need to be changed, the recipe id is written. The Cimplicity software 
is configured to monitor this value for changes. If the value changes, the software 
updates the process parameters on the PMC with values in its database referrmg to that 
recipe id. When these values change, they are directly changing the process parameters 

1 5 updating the process. The following is a list of the actions used to change the processing 
parameters: 



To change the process parameters, a single memory location is chosen according 



PMC 



PC monitoring software 

• monitor recipe id on PMC for 



1 . Run part program 



20 



change 

2. Set PMC recipe id memory location to 0 



25 



3. Set PMC recipe id memory location 
to new recipe value 

pause part program until recipe update complete 



• recipe id value changed 

• check for recipe 

• value doesn't exist so do nothing 

• value changed 

• check for recipe in data base 
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• it exists so write values in database 
to PMC memory 

• send update complete to PMC 

4. Receive recipe update complete • monitor recipe id on PMC for 
change 

5. continue part program 

This strategy has been fully implemented to manufacture a variety of parts, and is fully 
extensible to include any future DMD subsystems additions and extension to existing 
parameters controlled by the PMC controller. 

MULTI-MATERIAL CONSIDERATIONS 

The ability to manufacture components out of multiple materials using processes 
such as DMD is a recent development. Existing CAD systems are therefore limited to 
modeUng single material parts. As such, CAD systems do not have the fimctionality to 
build models consisting of multiple materials. 

Modeling each material as an individual part can be complex and time 
consuming, especially when design changes have to be made. The most important 
consideration is that each material part must not occupy the same volume as another 
material. The surfaces of each material can touch but one must not penetrate the surfaces 
of another material part. 

Figure lA shows two parts, A and B, that match precisely. In Figure IB, Part B 
has changed, but Part A has not been modified to reflect the change. There is an 
interference region where Part A and Part B overlap, resulting in an invalid multi- 
material part. In order to maintain valid geometry, this mvention provides a methodology 
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wherein valid multi-material parts are always generated. Important aspects of this 
methodology are as follows: 

1. Each material is modeled separately as a single or multiple solid part (Pi, P2,...Pn, 
where is the number of parts). Each part is modeled as a solid and as if there are 

5 no internal multiple materials, i.e. no voids for other material parts 

2. The parts are then ordered from the outer most geometry to the innermost geometry 

(Pol? PoavjPon) 

3. Once the geometry has been finalized, the following Boolean operations are 
performed to calculate the final volume for each part: Pfi = Poi - (Poi u Poi+1 u ....u 

] 0 Pon), where is the Boolean subtraction operation and "u" is the Boolean union 
operation, and is the current material part. 

If any design changes occur, only the original parts Pi need to be modified, and 
the method is reapplied. This method was implemented in SDRC I-DEAS and a sample 
geometry is shown in Figure 2. I-DEAS also has a modeling feature known as 
15 association (common in other CAD packages) such that the construction of Pe is directly 
associative with its constructing geometry Poi+i,..,Pon. If any of these construction 
geometries are modified the final part Pfi is automatically updated without the 
requirement of the CAD user to explicitly reapply the aforementioned methodology. 

Once the geometry for each material has been created, tool paths need to be 
20 calculated to drive the computer-controlled DMD process. For multiple material 
geometries, parts are preferably manufactured in a layer-by layer approach. Each 
material part is shced into a series of layers perpendicular to the build direction (for 
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DMD, the z-axis). The algorithms used to merge material tool path sets only requires the 
slice planes for each material are parallel The software does not require, and in some 
materials it is necessary, that the layer thicknesses for each material are equal or at the 
same level. This adds the flexibility of not limiting the deposition of each material to the 
5 material with the thinnest layers. It also allows parts to be manufactured with varying 
layer thicknesses. Since thinner layers result in higher surface accuracy, surfaces with 
high surface accuracy requirements are preferably manufactured using thirmer layers. 
Conversely, surfaces requiring less accuracy can be manufactured with thicker layers. 

Conventional CAM software is used to generate toolpaths for DMD. Traditional 
1 0 machining starts with a block of metal and machines away material from top to bottom to 
create the final part. These toolpaths are then written to a "neutral" cutter language (CL) 
file. This file is then post processed to the appropriate language to the CNC machine to 
cut the part firom top to bottom from a solid block of metal. 

Additive processes work in the opposite direction. They start with a blank and 
15 add material from bottom to top to generate the finished part. Commercial CAM 
software packages have the option of machining at a constant z-height, often called "z- 
roughing" or "z-machining" using a mill This milling operation machines a pocket in a 
stock material at a series of constant z-levels. 

A custom post processor was written for I-DEAS software in order to convert the 

20 CL file into a DMD machine readable part program. Some of the main features of the 

post processor are recognizing when the cutting starts and stops which is equivalent to 

starting and stopping the deposition in the DMD process. This was achieved by forcing 
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the CAM package to rapid to a known z-level rapid across in the x-y plane to above the 
start point and plunge down to the correct level. 

These three rapids are recognized by the post processor and converted to stopping 
the deposition moving to the new start point and beginning deposition. The second major 
5 feature is the ability to reverse the ordering of z-levels. This was achieved by reflecting 
the part in the x-y plane and machining in an increasingly negative direction. The post 
processor then negates all the z values in the post-processed file converting them fi:om 
negative to positive. This creates z-levels that are increasing positive. 



10 can be defined such that it describes the geometry to be built with the additive process. 
The preferred method, as is illustrated in Figure 3A through 3C, is as follows: 

1 . Orient part so z = 0 is at bottom of the part 

2. Reflect part about the x-y plane. This causes the part to be machined from the bottom 



15 3 . Subtract part from stock block 

4. Define z heights from bottom of part to top of part 

5 . Define diameter of tool 

6. Define toolpaths by style (spiral in, spiral out, raster), step over and distance from 



For 2^20 parts (i.e. the geometry contains no overhanging features), the pocket 



to the top 



center of toolpath to edge of surface 



20 



7. 



Calculate tool paths for each height 



8. 



Write CL file for tool paths. 



9. 



Post process CL file. While post-processing negate all z-heights. 
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A problem arises if there are overhangs in the part, in the traditional milling sense. 
This situation results in imdercuts in the stock material which cannot be reached with a 
mill without gouging the stock material. This feature is common to many CAD systems 
and as such generates errors and will not generate tool paths. There is usually no 
override for this collision detection. The following method overcomes this problem 
according to the invention, as illustrated in Figures 4A through 4D 

1 . Orient part so z = 0 is at bottom of the part 

2. Reflect part about the x-y plane. This causes the part to be machined from the bottom 
to the top 

3. Divide part into subparts so each part has no overhang 
For each subpart: 

A. Subtract part from stock block 

B. Define z heights from bottom of part to top of part 

C. Define diameter of tool 

D. Define toolpaths by style (spiral in, spiral out, raster), step over and distance from 
center of toolpath to edge of surface 

E. Calculate tool paths for each height 

F. Write CL file for tool paths. 

G. Post process CL file. While post-processing negate all z-heights. 

4. Merge each CL file into one CL file 

5. Post process CL file. While post processing negate all z heights. 
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For more complicated geometries, the method depicted in Figure 5 may be more 
appropriate. Instead of subtracting the part from that stock material and machining the 
resultant pocket, define the part as the stock material and a new geometry below the stock 
to machine to. This is the equivalent of instructing the CAM software to machine away 
5 the "stock", layer by layer, until nothing remains. In order to ensure the order of z 
heights is correct the part is reflected about the x-y plane so the part is cut jfrom z = 0 to 
the most negative z depth. During post processing these z values are negated resulting in 
the correct ordering of the z levels. 
1 . Orient part so z = 0 is at bottom of the part 
1 0 2. Reflect part about the x-y plane. 

3. Define part as a "stock volume" 

4. Create a part at the lowest z height of stock volume 

5. Define z heights fi-om minimum z to maximum z where part will be sliced 

6. Define style for tool paths (spiral in, spiral out, raster) which can be a function of the 
15 material 

7. Calculate tool paths for each height 

8. Write CL file for tool paths 

9. Post process CL file. When post processing negate all z heights 

Reflecting each part is often undesirable because it is prone to error and it changes 

20 the geometry of the part. If the CAD operator were to forget the part was reflected 

fiirther geometry modifications may be invalid. So, the an alternative method removes the 

need to reflect the part. It is the same as the previous method, except 

15 
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a) it does not reflect the part about the x-y plane in step 2; and 

b) the z-heights are not negated in step 6 resulting in toolpaths that are 
written in the reverse order to manufacture. 

The toolpaths ordering is corrected during the merging of multiple tool paths. 
5 The process is shown in Figure 6. 

The following pseudo-code takes multiple post processed tool path files and 
merges them into one file from the lowest z height to the largest z height. This method 
applies to multiple toolpaths of the same material and/or different materials: 

input : 

10 files ~ list of source files to merge together 

output : 

final output file 
functions : 

first_file() - returns first file in file list 
15 last_file() - returns last file in file list 

sort_regions 0 - sorts order of toolpaths from minimum z to 
maximum z 

write_start_inf o ( ) - writes startup information to output file 
regions_remain ( ) - returns number of toolpath regions remaining 
20 in file 

min_z() - returns current lowest z level region in file 
write_predeposit_inf o ( ) - writes information needed prior to 
depositing region to output file 

write_region { ) - copies toolpath region from source file to 
25 output file 

write j)OStdeposit_inf o 0 - writes information needed to stop 
depositing region to output file 

remove_region ( ) - deletes regions from input file 
num__regions ( ) - number of toolpath regions remaining in file 
30 remove_f ile ( ) - removes file from list of source files 

write_end_inf o ( ) - writes shutdown information to output file 

begin 

for (cur_file = first__f ile (files) to last_f ile (files) ) 
35 sort_regions (cur_f ile) ; 

write__start_inf o { ) / 
while (regions__remain (files) ) 

{ 

cur file = first file (files) 
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z_min = min_z {cur_f iie) 

for (cur_file = first_file (files) +1 to last__file (files) ) 
if (z_min > min_z (cur_f ile) ) 

z_min = min_z (cur_f ile) ; 
5 for (cur_file = first_f ile (files) to last_f ile (files) ) 

while (z__Tnin == Tinin_z (file) ) 

{ 

writej)redeposit_inf o (cur_f ile) 
write__region (cur_f ile) 
10 write_postdeposit_inf o (cur_f ile) 

reTnove__region (cur_f ile) 
if (nuTn_regions (cur_f ile) == 0) 

remove_f ile (cur_f ile, files) 

} 

15 } 

write_end__inf o () ; 
end 



The write_predeposit_info() writes information prior to deposition necessary to 
20 select the correct material and process parameters which is understandable by the CNC 
machine. It then tums on the process before depositing the region. The 
write__postdepositJnfo() writes information necessary to stop the processes depositing. 
Now the source toolpath files have been merged into one file containing information 
necessary to run the multiple material process continuously. 
25 This algorithm has been implemented in C++. Toolpaths were generated for the 

geometry displayed in Figure 2. Listings 1-3 are the CL files generated by I-DEAS 
software for parts (Pn, P^, Pc respectively) which are then post-processed into Listings 
4-6 respectively. Listing 7 is the resultant file generated by merging listings 4-6 using the 
aforementioned algorithm. Figure 7 shows the resuhs for a layer at height 26. mm. 
30 I claim: 
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1 . A method of modeling a tool path in an additive manufacturing process 
2 enabling multi-material parts to be fabricated without material interference, the method 

comprising the steps of: 
4 separately modeling each material as a single or multiple solid part under the 

assumption that multiple materials or voids are not present; 
6 ordering the parts from the outermost geometry to the innermost geometry; and 

performing Boolean operations on the ordered parts to calculate the final volume 
8 for each part. 

2. The method of claim 1, wherein all of the steps are carried out using a 
2 CAD system limited to single-material designs. 

3. The method of claim 1, wherein the tool path is a spiral-in, spiral-out, 
2 arbitrary direction raster path, or a combination thereof 

4. The method of claim 1, further including the step of reflecting the 
2 geometries to accommodate overhang or undercut features. 

5. The method of claim 1 , further including the step of embedding 

2 commands as appropriate to accommodate closed- or open-loop control over the 
fabrication process. 
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6. The method of claim 1 , further including the steps of: 

generating multiple tool paths; and 

merging the toolpaths into a single toolpath file. 
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Abstract of the Disclosure 
A method of modeUng multiple material parts for additive manufacturing 
processes such direct metal deposition operates within the constraints of a single material 
CAD system. Each material is modeled separately as a single or multiple solid part, 

5 imder the assumption that there are no internal multiple materials; that is, no voids for 
other material parts. The parts are ordered from the outer most geometry to the innermost 
geometry and Boolean operations are performed to calculate the final volume for each 
part. In use of the invention, should any design changes occur, only the parts as 
originally defined need to be modified, and the method is reapplied. The method is 

10 applicable to the generation of CAM cutting paths for IVi-D and 3-D geometries by 
pocket machining with spiral-in, spiral-out, and arbitrary direction raster tool paths using 
stock material with and without reflection, depending upon the geometry. Single- and 
multi-material files may be merged one toolpath file, and commands may be embedded 
for closed- or open-loop control of the fabrication process. 
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Figure 1: Interference after change in geometry 




Po3 



Figure 2: Calculation of multi material geometry 
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a) IVtD Part to be manufactured 



b) 2Y2D part inverted and 
subtracted from a block toolpaths 
are then generated 




c) Top view of one layer 



Figure 3: Calculation of tool paths for 214 D part 




a) 3d part with overhanging features 



b) Part cut out of block showing resultant 
overhang 





c) Part is split into two subparts such that each has no overhang 





d) Toolpaths generated (blue) for each subpart 



Figure 4: Calculation of toolpaths for part by subdividing into 2 Vi D parts 



a) Part is inverted and defined as 3D stock material A square plate is defined as tlie 
finished material. 




b) Resultant toolpaths generated in green 



Figure 5: Calculation of toolpaths by reflecting the part and machining it away 






Figure 6: Calculation of toolpaths without reflection. Reordering of toolpaths is 
done in custom software 




materials, colored red, green and blue 



SMALL ENTITY 



ATTORNEY DOCKET NO.: POM-10902/29 



COMBINED DECLARATION, POWER OF ATTORNEY 
AND VERIFIED STATEMENT CLAIMING SMALL ENTITY STATUS 



As the below named inventor, I hereby declare my residence, post office address and 
citizenship are as stated below next to my name; and I believe I am the. original, first and sole 
inventor (if only one name is hsted below) or an original, first and joint inventor (if plural names are 
listed below) of the subject matter which is claimed and for which a patent is sought on the invention 
entitled: 

MULTI-MATERIAL TOOLPATH GENERATION 
FOR DIRECT METAL DEPOSITION 

the specification of which 

■ is attached hereto. 

□ was filed on as □ Serial No. 0 / 

or □ Express Mail No., as Serial No. not yet known 

and was amended on (if applicable), 

□ was described and claimed in PCT International Application No. 

filed on and as amended under PCT 

Article 19 on (if any), 

I hereby state that I have reviewed and understand the contents of the above identified 
specification, including the claims, as amended by any amendment referred to above. I acknowledge 
to the duty to disclose information which is material to patentability as defined in 37, Code of 
Federal Regulations, §1 .56(a). I hereby claim foreign priority benefits under Title 35, United States 
Code, §119 of any foreign application(s) for patent or inventor's certificate listed below and have 
also identified below any foreign application on which priority is claimed: 

PRIOR FOREIGN APPLICATION(S) 

Priority Claimed 
Yes No 

[] [] 

(Number) (Country) (Day/month/year filed) 

[] [] 

(Number) (Country) (Day/month/year filed) 

I hereby claim the benefit under Title 35, United States Code, §120 of any United States 
application(s) listed below and, insofar as the subject matter of each of the claims of this application 
is not disclosed in the prior United States appUcation in the manner provided by the first paragraph 
of Title 35, United States Code, §1 12, 1 acknowledge the duty to disclose material information as 
defined in Title 37, Code of Federal Regulations, §1. 56(a) which occurred between the filing date 
of the prior application and the national or PCT international filing date of this application: 



(App. Serial No.) 



(Filing date) 



(Status) 

(patented, pending, abandoned) 



(App. Serial No.) (Filing date) (Status) 

(patented, pending, abandoned) 

CLAIM FOR BENEFIT OF PRIOR U.S. PROVISIONAL APPLICATION(S) 

I hereby claim the benefit under Title 35, United States Code, §1 19(e) of any United States 
provisional application(s) listed below: 

PROVISIONAL APPLICATION NUMBER FILING DATE 

60/156,204 

60/156,249 September 27. 1999 

And I hereby appoint Ernest I. Gifford, Reg. No. 20,644; Allen M. Krass, Reg. No. 18,277; 
Irvin I. Groh, Reg. No. 17,505; Douglas W. Sprinkle, Reg. No. 27,394; Thomas E. Anderson, Reg. 
No. 3 1 ,3 1 8; Ronald W. Citkowski, Reg. No. 34,732; Judith M. Riley, Reg, No. 30,3 1 1 ; Douglas J. 
McEvoy, Reg. No. 34,385; Ellen S. Cogen, Reg. No. 38,109; Roberta J. Morris, Reg. No. 33,196; 
John G. Posa, Reg. No, 37,424; Douglas L. Wathen, Reg. No. 41,369; Avery N. Goldstein, Reg. No. 
39,204; and Mark D. Schneider, Reg. No. 43,906 as my attomeys, to prosecute this application and 
to transact all business in the United States Patent and Trademark OfSce connected therewith. Send 
all correspondence to: 

John G. Posa, Esq. 
GIFFORD, KRASS, GROH, SPRINKLE, 
ANDERSON & CITKOWSKI, P.C., 
280 N. Old Woodward Ave., Suite 400 
Birmingham, Michigan 48009 
Telephone (734)913-9300 

I hereby declare that I qualify as an independent inventor as defined in 37 CFR 1.9(c) for 
purposes of paying reduced fees under Section 41(a) and (b) of Title 35, United States Code, to the 
Patent and Trademark Office with regard to the invention described in the specification. I have not 
assigned, granted, conveyed or licensed and am under no obligation under contract or law to assign, 
grant, convey or license, any rights in the invention to any person who could not be classified as an 
independent inventor under 37 CFR L9(c) if that person had made the invention, or to any concern 
which would not qualify as a small business concern under 37 CFR 1.9(d) or a non-profit 
organization under 37 CFR 1 .9(e). Each person, concern or organization to which I have assigned, 
granted, conveyed, or licensed or am under an obligation under contract or law to assign, grant, 
convey, or Ucense any rights in the invention is listed below: 

■ no such persons, concern, or organization 

□ persons, concerns or organizations listed below 

FULL NAME 

ADDRESS 

□ Individual □ Small Business Concern □ Non-Profit Organization 
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I acknowledge the duty to file, in this application or patent, notification of any change in 
status resulting in loss of entitlement to small entity status prior to paying, or at the time of paying, 
the earliest of the issue fee or any maintenance fee due after the date on which status as a small entity 
is no longer appropriate. (37 CFR 1.28(b)). 

I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the like so made are punishable by 
fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code, and that 
such willfiil false statements may jeopardize the validity of the application, any patent issuing 
thereon. 



Full name of sole inventor PAUL ALEXANDER 

Inventor's signature 

Date Country of Citizenship US 

Residence Novi. Michigan 

Post Office Address 41300 Todd Lane, Novi. Michigan 48375 
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United States Patent & Trademark Office 

Office of Initial Patent Examination — Scanning Division 




Application deficiencies were found during scanning: 

□ Page(s) of were not present 

for SCannina, (Document title) 



□ Page(s) of were not present 

for scanning. (Document title) 



Scanned copy is best available. 



